The results of studies of the chemical composition in various types of natural waters of the territory of Ukraine -atmospheric precipitation, surface (river and lake), groundwaters and sea waters are comprehensively summarized and presented for the territory of Ukraine in this paper. The chemical composition of Ukraine's natural waters (rivers, lakes, underground aquifers, seas) is the result of the interaction of a combination of natural factors, as well as their location, mainly in the temperate climatic zone. The average long-term mineralization of atmospheric precipitation is usually in the range of 20-40 mg/l, its chemical composition is predominantly sulfate magnesium-calcium. For the chemical composition of water in the small and medium rivers of Ukraine, hydrochemical zoning is observed in the direction from the northwest to the south-east of the country. Mineralization of river waters also increases in this direction (from 200-300 mg/l to 1,500-3,000 mg/l and more). The composition of the water varies from bicarbonate calcium in the north and west to sodium chloride in the south and southeast. The value of mineralization of lake water varies within very wide limits. There are lakes with very fresh water and low salinity (30 mg/l -small lakes of glacial origin in the Ukrainian Carpathians), and lakes whose water has a mineralization of more than 100 g/l (salt lakes of the Crimea). In the chemical composition of groundwater, the territory of Ukraine mainly exhibits vertical hydrochemical zoning, which manifests itself in the separation of zones of intensive or difficult water exchange. Hydrocarbonate or sulfate waters with a small mineralization (up to 1.0 g/l) are characteristic for the zone of active water exchange. Highly mineralized (50-300 g/l and more) chloride, sodium and chloride-sodiumcalcium waters are common in a zone of hindered water exchange. The ionic composition of the Black Sea water has all the characteristic features of ocean waters but differs from them in relative poverty with ions of chlorine and sodium, the average salinity of the Black Sea waters is 18-19 ‰. In the narrow coastal zone near the mouths of large rivers (the Danube, the Dniester, the Southern Bug, the Dnieper) a decrease in the salinity of the Black Sea waters (up to 5-10 ‰) is observed. The main factors that determine the salinity regime in the Azov Sea (10-13 ‰) are the inflow of saline Black Sea and fresh river (the Don and the Kuban rivers) waters that are mixed in the Azov Sea, as well as the arrival of atmospheric precipitation. Анотація. Для території України комплексно узагальнено і викладено результати досліджень хімічного складу різних типів природних вод території України -атмосферних опадів, поверхневих (річкових і озерних), підземних і морських вод. Середня багаторічна мінералізація атмосферних опадів зазвичай у межах 20 -40 мг/дм 3 , їх хімічний склад переважно сульфатний магнієво-кальцієвий. Для хімічного складу води малих і середніх річок України спостерігається гідрохімічна зональність у напрямку з північного заходу на південний схід території країни. В цьому напрямку збільшується і мінералізація річкових вод (від 200 -300 мг/дм 3 до 1 500 -3 000 мг/дм 3 і більше). Склад вод змінюється і від гідрокарбонатного кальцієвого на півночі і заході до хлоридного натрієвого на півдні і південному сході. Величина мінералізації води озер змінюється в широ-ких межах. Трапляються озера з дуже прісною водою і низькою мінералізацією (30 мг/дм 3 ), і такі, вода яких має мінералізацію понад 100 г/дм 3 . У хімічному складі підземних вод на території України в основному проявляється вертикальна гідрохімічна зональність. Для зони активного водообміну характерні гідрокарбонатні або сульфатні води з невеликою мінералізацією (до 1 г/дм 3 ). У зоні утрудненого водообміну поширені високомінералізовані (50 -300 г/дм 3 і більше) хлоридні натрієві і хлоридні натрієво-кальцієві води. Іонний склад води Чорного моря близький за складом до вод океану, але відрізняється від них низь-ким вмістом іонів хлору і натрію, середня солоність вод Чорного моря -18 -19 ‰. У вузькій прибережній смузі поблизу гирл великих річок спостерігається зниження солоності чорноморських вод (до 5 -10 ‰). Основні фактори, які визначають режим
of hydrochemistry of the cooling reservoirs on nuclear power plants and thermal power plants (Romas, 2002) , hydrochemical systems (Snizhko, 2006) .
As a result of complex regional hydrogeological studies of the territory of Ukraine ,the main regularities in the formation of the chemical composition of groundwater in general, as well as mineral therapeutic waters were established (Babynec, Beljavskyj, 1973; Babynec, Borevskyj, Shestopalovet al., 1979; Shestopalov, 2009; Ohnianyk, 2000) .
A number of works by the staff of the Ukrainian Hydrometeorological Institute of the NAS of Ukraine (Osadchyi, Nabyvanets, Osadchaet al., 2008; Osadchyy et al., 2016) are devoted to experimental research and modeling of the migration of chemical substances in surface waters. At the Marine Hydrophysical Institute of the National Academy of Sciences of Ukraine scientists studied issues related to ocean hydrochemistry and the physical nature of formation or destruction of chemical compounds in seawater (Eremeeva, Eremeev, Bezborodov, 1984) . Detailed hydrochemical (Skopincev, 1975) and geochemical (Mitropolskiy, Bezborodov, Ovsyanyiy, 1982) studies of the Black and the Azov Seas provide an opportunity to solve problems of monitoring, modeling and forecasting the condition of water basins. The statement of the problem and source materials. The main purpose of this publication is to provide a comprehensive description of the chemical composition of various types of natural waters on the territory of Ukraine-atmospheric precipitation, surface waters (river and lake), groundwaters and sea waters. The main attention is paid to the basic ions, which include HCO3   -, SO4 2-, Cl -, Ca 2+, Mg 2+ , Na + , K + , and to the index of total mineralization. To solve this problem, we used data on the chemical composition of Ukraine's natural waters, which derives from: 1) the result of the authors' own research; 2) analysis of published sources. Results of the research.Precipitation.There is up to 650 mm/year of precipitation in the north-west of Ukraine, up to 300 mm/year -in the south, in the Ukrainian Carpathians -up to 1,600 mm/year. The first studies of the chemical composition of atmospheric precipitations (AP) in Ukraine were made at the beginning of the 20th century.
The systematic sampling of APs at the network of meteorological stations of the hydrometeorological service of the former USSR began in 1958 in connection with the implementation of works under the programme of the International Geophysical Year (IGY). After the completion of the IGY, the studies of the chemical composition of APs received further development and the network of weather stations, where AO samples were sampled for chemical analysis, was significantly expanded.
Since 1963, gathering of monthly samples of the AP has been organized at the Nemishaieve meteorological stations (since 1964 transferred to the Teterev meteorological station), Berehove, Kobelyaki, Bobrynets, Loshkarivka, Odessa, Nikitsky Botanical Garden, and since 1965 in Kiev and industrial regions of Donbass -at the meteorological stations of Donetsk and Volnovakha. In addition to the monthly samples, researchers gathered samples of single APs at the Kobeliaky, Bobrynets, Loshkarivka and Odessa meteorological stations. The results of these studies are presented in the works of the following scientists (Romas, 1979 , Kosovets˗Skavronska, Snizhko, 2009 Khilchevskyi, Kurylo, 2016) , and common results are given below.
General mineralization of the AP over the territory of Ukraine usually fluctuates within 30-40 mg/l. The minimum average annual mineralization values of the AP are fixed in the zone of mixed forests in the north of the country -about 26 mg/l (Teterev), the maximum -recorded in the south of the country, at the weather station Askania-Nova -82.4 mg/l (Table 1) .
In the chemical composition of AP, sulfates predominate among anions, and magnesium dominates among cations. The proportion of the salts of continental-anthropogenic origin in the total chemical composition of AP on the territory of Ukraine is 90-93%, that of salts of marine origin -7-10% (Khilchevskyi, Kurylo, 2016) . The most probable chemical composition of the AP was determined by the formulas of the ionic composition, where the average concentrations of the components, converted into % -equivalent form, were used. Characteristic is the considerable stability of the ion content in the AP with a significant excess of sulfates among the anions, and magnesium among the cations. Local influence on natural factors of the chemical composition of the products of agricultural enterprises affects the increase in hydrocarbonates and magnesium in the steppe zone (AskaniaNova) and sodium chlorides in the seaside Odessa, and anthropogenic -in increasing the content of almost all components, especially sulphates, in the industrial Donbass.
The most probable chemical composition of the AP over the territory of Ukraine in%-equivalent form is expressed by the formula: SO455 HCO322 Cl18 NO35 Mg38 Ca28 Na18 NH410 K6
In this way, the chemical composition of AP in Ukraine predominantly consists of the sulfate magnesium-calcium.
The AP of the whole territory of Ukraine is dominated by the continental-anthropogenic component and its contribution fluctuates insignificantly near the value of 90%. The estimated value of the direct anthropogenic component of the chemical composition of AP is approximately 70-75%. Only for chloride ions marine component is the dominative in the formation of the total content of dissolved mineral substances in atmospheric precipitation (Khilchevskyi, Kurylo, 2016.) .
Rivers. In Ukraine, there are more than 63 thousand rivers with 1,103 reservoirs (Vodnyi fond Ukrainy, 2015) . 98% of the country's rivers belong to the basin of the Black and the Azov Seas, and to 2% of the territory (the Western Bug River) -to the basin the Baltic Sea. Taking into account the requirements of the EU Water Framework Directive (Directive 2000/60 / EC) in 2016, a hydrographic zoning of the territory of Ukraine was carried out. As a result, nine river basin areas were identified -the Vistula, the Danube, the Dniester, the Southern Bug, the Dnieper, the Don, and rivers of the Black Sea, the Azov Sea and the Crimea. Regions of river basins of the Dnieper, the Danube, the Dona and the Vistula are also divided into sub-basins (total 13 subbasins) (Vodnyi kodeks Ukrainy, 1995; Khilchevskyi, Grebin, 2017) .
In the chemical composition of the river waters of the lowland part of the country, a clear hydrochemical zoning is observed with progress from the western and north-western to the eastern and southeastern borders of Ukraine. In the same direction, mineralization of river waters also increases (from 200-300 mg/l to 1,500-3,000 mg/l and more). Hydrochemical zoning is observed irrespective of the direction of the flow of rivers and is in some ways consistent with the boundaries of physiographic regions (Peleshenko, Zakrevskiy, Gorev et al., 1989) . In the mixed forest zone fresh hydrocarbonate calcium waters are common; in the western regions of the forest-steppe zone, fresh calcareous calcium waters, which, with progress to the east, gradually transform into bicarbonate calcium-magnesium-sodium. Near the border of the steppe zone, sulphates begin to play an important role in the composition of river waters. In the steppe zone, sulfate-chloride waters of mixed cationic composition prevail.
The chemical composition of the waters of large rivers (the Dnieper, the Dniester, the Southern Bug, the Seversky Donets) also exhibits hydrochemical zoning, which manifests itself mainly in the increase in the water downstream of the rivers of alkali sulfates and chlorides (Khil'chevskii VK, Khil'chevskii RV, Gorokhovskaya, 1999) . However, it is little consistent with the boundaries of physical and geographical zones in comparison with the zoning of the chemical composition of the waters of local runoff (small rivers). In the mountainous regions of the country, the hydrochemical zoning for surface water is practically not traced. The river waters here are fresh, bicarbonate calcium.
Area of the basin of the Vistula river (the Western Bug). The main river of the Vistula basin (the Baltic Sea basin) in Ukraine is the transboundary Western Bug River, which also flows through Poland and Belarus. Surface waters of the Western Bug basin are characterized by a hydrocarbonate calcium composition, which is associated with a significant spread of gypsiferous carbonate rocks in the catchment area. The humid type of climate and the predominance of descending flows in soils cause a low content of dissolved ions in water. The mineralization of the river waters of the basin is on average about 500 mg/l- Table 2 (Zabokrytska, Khilchevsky, Manchenko, 2006) . For the river waters of the Western Bug basin, an inverse relationship is observed between mineralization and water discharge. It was stated that the lowest absolute values of the river Western Bug mineralization is 412 mg/l (in the year 1963), and the largest -604 mg/l (in the year 1988 ). The maximum values of mineralization of water (over 800 mg/l) are fixed in the water of the river Poltva below the place of wastewater discharge in the city of Lviv, and the average annual water mineralization of this river was 570 mg/l. The calculations carried out showed that the river Poltva significantly affects the chemical composition of the water of the Western Bug; it forms 66% of the ionic runoff of the Western Bug in the Kamianka-Buzkastream point.
Area of the basin of the Danube river. The main tributaries of the Danube in the territory of Ukraine are fragmented: in the Transcarpathian region (Uzh and Tisza rivers) and Bukovina (the Prut river) -transboundary rivers that carry water to the territory of Hungary, Romania and Moldova; in the Odessa region -in fact, the lower reaches of the Danube (Kilian estuary). In the lower reaches of the Danube, water flows in, the composition of which was formed in the territory of many European countries, which are located in its basin (Savitskii, Stets'ko, Osadchiy et al., 1994) . The flushing regime of the soils of the basin determines the low mineralization of water, which in the rivers Uzh, Rika, Latorica does not exceed 200 mg/l. In the water of the river Tisza mineralization increases to 250-300 mg/l, and it reaches the highest values in the water of the rivers Siret, Prut, Cheremosh and the lower part of the Danube -330-370 mg/l. Information on the average chemical composition of the rivers in the Danube River basin is given in Table. 2.
In the long-term aspect, the change in the mineralization of water has a complex character. In its most general form, it can be argued that there has been a gradual decline in recent years. So, if in 1994 the average mineralization of water in the lower part of the Danube was 405 mg/l, then in 2004 it was 348 g/l (Osadchiy, Nabyvanets, Osadcha et al., 2008) . It must be noted that the fluctuation in mineralization coincided with the direction of change in water content. At the same time, seasonal fluctuations in water expenditure and mineralization were natural: an increase in water content led to a decrease in the amount of dissolved salts. The maximum mineralization, as a rule, is observed in winter, and the minimum -during the periods of the highest rise in water levels -in spring or in summer.
In the rivers of the mountain part of the Prut river basin, waters of predominantly hydrocarbonate calcium composition are formed with mineralization in the range of 140-360 mg/l and a total hardness of 2-4 mmol/l. The rivers of the left-bank part of the Prut river basin are highly mineralized. The mineralization values reach 1.2 g/l, and the total hardness is 10-12 mmol/l.
For the Prut river itself, in the hydrochemical regime, characteristic features that are expressed in fluctuations in the mineralization of water in the range 150-800 mg/l. In the upper part of the basin, at the closing line near the town of Chernivtsi, during the spring flood, the water mineralization ranges from 200 mg/l in high water years to 380 mg/l -in low water. The composition of the ions is dominated by HCO3
-and Ca 2+ . In the dry period, the mineralization values reach 300 mg/l in high water years, and 430 mg/l in dry years. In the middle of the river basin the rod mineralization of water increases, reaching in the low water year 420 mg/l, and low water -560 mg/l. In the middle part of the Prut river, the hydrochemical regime of the river is largely determined by the influence of highly mineralized sulfate-sodium groundwater on the left-bank part of the basin. This is expressed in an increase in the concentration of sulfate ions to 220 mg/l, sodium and potassium ions to 130 mg/l. The mineralization of water during the spring flood ranges from 390 to 560 mg/l. At low water values, the mineralization values of water vary between 445-860 mg/l. At this time, HCO3
-and Ca
2+
ions predominate (Osadchiy, Nabyvanets, Osadcha et al., 2008) . Area of the basin of the Dniester river. The Dniester is transboundary river -it flows through the territory of Ukraine and Moldova. The average salinity of river waters in the Dniester Basin is low and ranges from 286 to 481 mg/l (Table 2) . However, within the basin, the mineralization of river water fluctuates significantly -from 100 to 1000 mg/l and more. The formation of the chemical composition of river waters in the middle part of the Dniester Basin is affected by karst processes (Aksom, Khilchevskyi, 2002) .
In general, in the Dniester river basin, a group of rivers of the upper mountainous part (in the Ukrainian Carpathians) and the plains part of the basin can be distinguished by mineralization of water. The least mineralized (the sum of ions up to 200 mg/l) are the mountain rivers Bystrica, Svicha, Luzhanka. In the waters of the rivers Slavka, Opor, Crow, Stryi, the sum of dissolved salts varies between 200-300 mg/l. From 300 to 400 mg/l, the mineralization of water in Dniester, Seret, Koroptse, Strv'yazh, Zolota Lypa and Hnyla Lypa changes. High water mineralization is distinguished by the water of the Tysmenytsia-about 1000 mg/l.
The mineralization of the Dniester reservoir (volume 3.0 km 3 ) does not exceed 450 mg/l, the composition of dissolved salts is hydrocarbonate -calcium (Khilchevskyi, Honchar, Zabokrytskaetal, 2013) .
Area of the basin of the Southern Bug river. The Southern Bug is the only large river whose basin is completely within the territory of Ukraine. The diversity of soil-geological, climatic and other conditions from north to south determines the corresponding changes in the chemical composition of river waters in the basin of the Southern Bug. Prior to the town of Pervomaisk, mineralization of river waters does not exceed 1 g/l, the composition of water is hydrocarbonate-calcium. In the tributaries of the Southern Bug, below the town of Pervomaisk, during the low-water period the mineralization of water reaches 1.7 g/l, they are mixed in composition -hydrocarbonate-sulphate magnesium or sulphate-chloride sodium.
Directly in the Southern Bug river, composition of water varies both along the course of the river in a spatial sense and in a temporal aspect. The lowest mineralization of water is observed in the river during the spring high water. In the upper course of the river during the high water period, the mineralization of water fluctuates between 180-310 mg/l depending on the water content of the year, hard water is in the range 2.3-2.9 mmol/l, HCO3 -, Ca 2+ dominate in the composition of ions. In the low-water period in this part of the river, the mineralization of water reaches 570 mg/l, and the hardness -up to 6 mmol/l (Khilchevskyi, Chunarov, Romas et al., 2009) .
In the middle of the river in the period of high water, the mineralization of water varies between 260-450 mg/l, hard water is 2.8-3.8 mmol/l, HCO3 -and Ca 2+ ions predominate. In the low-water period, the mineralization of water reaches 730-800 mg/l, the hard water is 8.4 mmol/l, the ions HCO3 -, Ca 2+, Na + and K + predominate in the water. In the lower reaches during the period of high water, the mineralization of the water varies from 260 to 620 mg/l, the hard water is 2.8 to 6 mmol/l, the ions HCO3 -and Ca 2+ predominate (Table 2 ). Increased mineralization of the Southern Bug water occurs as a result of an increase in the concentration of all major ions.
Area of the basin of the Dnieper river. The chemical composition of the river waters of the transboundary basin of the Dnieper (flowing through the territory of Russia, Belarus and Ukraine) is closely related to its natural conditions. The conducted studies show a close feedback between the mineralization of water and its costs. Due to minor fluctuations in mean annual water availability in the Dnieper Basin, the mineralization of water is not subject to significant changes over time, and on average in most of the basin is 450-550 mg/l ( Table 2 ).
The composition of the main ions in the Dnieper water is also relatively stable, with Ca 2+ prevail ing among them (50-100 mg/l, sometimes up to 200 mg/l) and HCO3 -ions (240-350 mg/l, sometimes up to 400 mg/l). At the same time, it should be noted that for the river waters of the Dnieper Basin there is a great diversity of both ionic composition and mineralization of the water (Khilchevskyi, Romas I.M., Romas M.I. et al., 2007) .
The mineralization of the rivers of the mixed forest zone does not exceed 600 mg/l, the composition of the dissolved salts is hydrocarbonate-calcium. The rivers of the middle part of the basin (forest-steppe zone) are more mineralized -up to 1000 mg/l.
In the water of the steppe zone rivers (Orel, Ingulets, Samara, Vovcha), the content of dissolved salts can reach 3,000 mg/l and more. The water composition of these rivers varies from bicarbonate calcium to sulfate magnesium and sulfate sodium (Khilchevskyi, Kravchynskyi, Chunarov, 2012; Sherstiyk, Khilchevskyi, 2012 ) does not exceed 500 mg/l, the composition of dissolved salts -bicarbonate calcium (Denisova, Timchenko, Nahshinaetal., 2007) .
Area of the basin of the Don river (Seversky Donets).The Seversky Donets is a large river in the east of Ukraine, it flows into the territory of Russia into the river Don. The chemical composition of water in the rivers and reservoirs of the Seversky Donets Basin varies considerably over time, depending on the prevalence of the water in these or other genetic categories in their balance. In most of the territory, the minimum mineralization of river water with the greatest water discharge in rivers varies between 120 and 300 mg/l, and at low floods it reaches 1,000 mg/l. In the right-bank part of the basin, in catchments to the south of the river Berek, in the middle of the water, sulfate-hydrocarbonate, sulfate-chloride and chloride-sulfate compounds are formed. The mineralization values reach 2,000-5,000 mg/l.
In the Seversky Donets itself, the mineralization of water varies widely. In the upper part of the current, the mineralization usually does not exceed 630 mg/l, the dominant are HCO3 -and Ca 2+ ions. Downstream, the composition of the water changes. These changes are shown clearly in the city of Lisichansk, where the Right-Bank tributaries -the Kazenyi Torets and Bakhmutka rivers-have significant influence on the composition of the Seversky Donets water. In this area, the mineralization values reach their maximum -up to 1,000 -1,600 mg/l (Table 2). The composition of the water is characterized by increased concentrations of sulfates (200-300 mg/l) and chlorides -up to 130 mg/l (Osadchiy, Nabyvanets, Osadcha et al., 2008) .
Area of the basin of the Black Sea.The formation of the chemical composition of the water of rivers region during the winter and spring high water largely depends on precipitation, which come in the form of snow or rain, the frequency and the duration and intensity of thaws . According to the data of long-term observations, the mineralization of the waters of the rivers of the Black Sea region varies during these periods from 220 to 680 mg/l (Table 2) , hard water -from 1.8 to 6.5 mmol/l. River waters have bicarbonate calcium-magnesium, more rarely sulfate calcium-magnesium composition.
In dry years in the drainage basin, the mineralization of meltwater can reach 1.2 g/l, the hard water increases to 10 mmol/l.
During the summer and winter , the mineralization ranges from 1 to 3.2 g/l, the hardness is 9 to 26 mmol/l. The composition of the water is sulfate sodium-magnesium-calcium.
In the rivers that flow to the east of the river Cogilnic, which flows into the Sasic estuary, the water salinity is higher. Thus, according to long-term observations on the Botna river, the Lunga, the Kirgizh-Kitay -mineralization of the water may reach 10 g/l, and hard water-30 mmol/l or more. The river waters have a sulfate-sodium composition.
The mineralization of the water of the small rivers that flow between the rivers Dniester-Southern Bug (Kuchurhan, Maly and Velykyi Kuyalnik, Tylihul) is 1.3 to 3 g/l, hard water is 10 to 27 mmol/l. The water has a chloride sodium-magnesium composition (Gorjev, Peleshenko, Khilchevskyi, 1995) .
Area of the basin of the Azov Sea.The chemical composition of the water of rivers flowing into the Azov Sea is formed in conditions of arid climate, which predetermines their high mineralization. The range of fluctuations of average annual mineralization indicators is quite wide -1,000-2,500 mg/l (Table 2), with absolute 590-26,000 mg/l. It should be noted that the minimum values of mineralization of water are characteristic only for the period of flood, when waters of mixed hydrocarbonate-sulfate calcium composition with mineralization of 590-700 mg/l are formed.
In the north-eastern part of the region, in the upper reaches of the rivers Mius, Kalmius and Mokriy Yelanchik, the channel waters have a sulphate-sodium composition with a mineralization of 1,500-2,000 mg/l and a hardness of 11-20 mmol/l.
In the southern part, in the middle and lower currents of Kalmius, Mius and MokriyYalanchik, in the rivers Kalchik, Berda and Obytichna, as well as in the upper and middle currents of the Molochna, the mineralization of channel water varies in the range 2,000-4,000 mg/l, hardness 15-30 mmol/l, the water has a sulfate calcium-sodium composition.
In the southwestern part of the region, in the Lozuvatka and the Korsak rivers, as well as in the lower reaches of the Molochna, the mineralization of channel water reaches 6,000 mg/l, and the hardness is 25-60 mmol/l.
The mineralization of the water of the rivers of the Syvash area, which dry up (to the west of the Molochna River), reaches 15-26 g/l during the summer low; by ionic composition, these waters have sulfate-chloride sodium or chloride sodium composition (Gorjev, Peleshenko, Khilchevskyi, 1995) .
Area of the basin of the Crimea rivers. The amount of atmospheric precipitation and its distribution throughout the year, as well as the peculiarities of the temperature regime, predetermine the flooding character of the hydrological regime of the Crimean rivers , as does the copious washing of readily soluble salts from the soils of the mountainous part of the catchments from. The mineralization of the channel water in the mountain part during the winter-spring period and during showers is 200-300 mg/l on the southern and western slopes, 250-350 mg/l in the northern and 250-500 mg/l on the northeastern slopes of the mountains. The water has a hydrocarbonate calcium composition.
In the low-water period (June-October), the mineralization of channel water in the mountainous part of the rivers is 450-550 mg/l on the western slopes, 450-650 mg/l in the northern, 450-850 mg/l in the southern and 550-750 mg/l -on the northeastern slopes of the mountains. The water has a hydrocarbonate calcium composition.
The mineralization of channel water in the winter (December-March) is 200-300 mg/l on the western slopes and 350-700 mg/l on the northern and eastern slopes. The waters have a hydrocarbonate-calcium and hydrocarbonate-sulphate calcium composition.
In the transition to the steppe part of the Crimea, the following is noted. In the summer-autumn period, mineralization of channel water significantly increases and reaches 750-1000 mg/l below the western slopes, 1,000-1,750 mg/l -below the northern and 1000-4000 mg/l -below the eastern slopes of the Crimean Mountains. The waters have the following composition: hydrocarbonate-sulphate calcium-magnesium and sulphate-hydrocarbonate calcium-magnesium; sulfate calcium-magnesium; chloride-sulphate sodium or chloride-sodium.
If during the flood period, mainly from January to February and during downpours, the mineralization of the water of melted snow and rainwater in the gullies and ponds of the Steppe Crimea is 160-700 mg/l, then during the low-water period (from March to November) the water mineralization reaches 7,500-28,000 mg/l and it becomes chloridesulfate or chloride.
Modern evaluation of the anthropogenic component contribution shows that approximately 10-20% of the runoff of dissolved mineral substances with river waters is formed due to economic activity (Zakrevskii, Peleshenko, Khil'chevskii, 1988) .
Lakes. In Ukraine, there are about 20 thousand lakes, among which 7 thousand have a surface area of more than 0.1 km 2 . The most famous are the fresh Shatsky Lakes, among which is Svityaz -the deepest lake in Ukraine (58.6 m), fresh-semi-saline Danube lakes, among which is Yalpuh -the largest lake in Ukraine (149 km 2 ), the salt lakes of the Crimea. The mineralization of lake water, unlike rivers, varies widely. There are lakes with very fresh water and mineralization, as in atmospheric precipitation (for example, Maricheyka -a small lake of glacial origin in the Ukrainian Carpathians -30 mg/l) and those whose salt concentration is a brine with a salinity of more than 100 g/l (salt lake of the Crimea).
Shatsky lakes. The significant amount of precipitation in the Shatsky lakes region (the basin of the Western Bug River, the Volyn Region) contributes to good soil washing and the relative poverty of the surface waters that feed the lakes with mineral compounds. Table 3 shows the chemical composition of the water of some lakes of the Shatsky group (Khilchevskyi, Osadchiy, Kurylo, 2012) . As you can see, the water in these lakes is very fresh -132.2-198.7 mg/l, and the hard water is 1.3 -1.7 mmol/l. Danube Lakes.The mineralization of Danube floodplain lakes (Odessa region) is largely predetermined by their water exchange with the Danube. In the lakes located downstream of the Danube and less associated with it, the water salinity is higher than in the lakes located upstream of the river. The mineralization of lake water is also affected by groundwater, as a result of which the bottom layers of water are usually more mineralized than surface water.
During the inflow of the Danube waters to the lakes Cahul, Kuhurluy, Yalpug, Sofyan and Katlabukh, the mineralization of their waters reaches the minimum values (225-390 mg/l), and the total hardness is 2.9-3.8 mmol/l. The composition of water is calcium bicarbonate.
In the Lake Kitay, where communication with the Danube is difficult, the lowest mineralization is 1.15 g/l, and the total hardness is 8.1 mmol/l. The composition of the ions is dominated by sulfates, chlorides and sodium.
In winter, the water salinity in Cahul, Kuhurluy, Yalpug, Sofyan and Katlabukh ranges from 0.5-1.5 g/l, and the total hardness is 5-13 mmol/l. In addition, the water composition in Cahul and Kuhurluy is hydrocarbonate-calcium, and in Yalpug, Sofyan and Katlabukh-sulfate sodium.
In Lake Kitay, the mineralization of the water in winter is 2.5 g/l, the total hardness is 13-14 mmol/l, the predominant ions are SO4 2-,Cl -, Na + . Table 4 shows average concentrations of the main ions and mineralization in the water of the Danubian lakes (Gorjev, Peleshenko, Khilchevskyi, 1995) .
Salt Lakes of the Crimea. In the Crimea, there are over 50 salt lakes, which are sources of salt and balneological mud. The high temperature of the air and brine, and low air humidity lead to intensive evaporation of water and increase of concentration of brines in salt lakes.
By location , the salt lakes of the Crimea are divided into groups: Perekopska, Tarkhankutska, Evpatoriska, Khersoneska, Kerchenska, Prisivashska. The lowest level of mineralization is of the lakes of the Perekopska group -200-250 g/l (Lake Aigulske, Kirleutske, etc.). The smallest mineralization is found in the lacustrine lakes of the Tarkhankutska group, 55-110 g/l (Lake Bakalske, Dzharylhach, etc.). Anthropogenic influence on the formation of the hydrochemical regime of lakes occurs as a result of changes in the intensity of water exchange with surrounding water bodies and due to the receipt of pollutants with atmospheric precipitation. A positive example of protection of lakes is the fact that the Shatsky lakes in Volhyn region became part of the Shatsky National Nature Park, established in Ukraine in 1983.
Groundwaters. Within Ukraine, seven hydrogeological regions of the first order are distinguished: the folded hydrogeological region of the Ukrainian Carpathians; Volyn-Podilsky artesian basin; hydrogeological area of the Ukrainian Shield; The Dnieper-Donetsk Artesian Basin; Donetsk folded hydrogeological region; Black Sea artesian basin; (Kamzist, Shevchenko, 2009 ). In the chemical composition of groundwater in different structural regions, both latitudinal and vertical (deep) zoning is observed.
The vertical (deep) hydrochemical zoning is manifested in the isolation of zones of intensive and difficult water exchange in the section of the sedimentary stratum.
1) Zone of intensive water exchange. Usually it is located at depths from 100 m to 1,000 m from the day surface. In this zone, the components of the mineral composition of groundwater arrive in small amounts together with atmospheric precipitation, which are filtered; further increase in mineralization and change in their chemical composition occurs as a result of leaching of readily soluble compounds from rocks, especially from Quaternary deposits (gypsum plasters), ion exchange and diffusion transition of pore solutions from clayey waterproof layers. Hydrocarbonate waters with mineralization up to 1g/l dominate, suitable for drinking water supply, sometimes mineralization can reach 3 g/l.
2) Highly mineralized (50-300 g/l and more) chloride sodium and chloride sodium-calcium waters are distributed in the zone of hindered water exchange. It can be assumed that in this zone there are complex-metamorphosed and highly mineralized waters of old seas (Kamzist, Shevchenko, 2009) . Such brines are usually found at great depths of 2 km (Table 5) .
In some aquifers, heterogeneity of the chemical composition of waters is also observed. This is predetermined by the peculiarities of the geological structure of individual territories. Thus, for aquifers of Neogene sediments that belong to the zone of active water exchange, a low mineralization and a hydrocarbonate-calcium composition of water are characteristic. But in the interfluves of the DanubeDnieper in the Neogene sediments an aquifer occurs in sediments of the Kuyalnik age with mineralization up to 300 g/l and chloride-sodium composition.
The aquifer of the Jurassic deposits is characterized almost everywhere by mineralization up to 1 g/l and by hydrocarbonate-calcium or sodium composition, it is widely used for local household and drinking water supply. But within the Precarpathian trough or in the region of the thermal waters of the shale deposits of the Crimea, the mineralization of the waters of the Jurassic horizon increases to 100-300 g/l, the ion composition changes to sodium chloride.
The latitudinal hydrochemical zoning is observed mainly in the aquifers of Quaternary sediments and is manifested in the regular change of waters with mineralization from 0.2-1 g/l with a hydrocarbonate-calcium composition in the north-west to waters with mineralization up to 2-15 g/l and chloride-sodium composition in the south-east of the country.
Seas.The Black and Azov Seas, which belong to the basin of the Atlantic Ocean, wash the southern part of Ukraine for almost 2 thousand km, the total water surface area of these seas is 461,000 km 2 .
The Black Sea. The main ionic composition of the Black Sea water has all the characteristic features of ocean waters, but differs from them in relative poverty in ions of chlorine and sodium. The large river runoff and the flow of saline waters from the Marmara Sea determine the average salinity of the Black Sea-18-19 ‰ (Table 6 ). In general, salinity on its surface is almost 2 times less than salinity of surface waters of the seas of the World Ocean (34.5 ‰). A relatively stable chlorine balance of the Black Sea was established, which is explained by the intake of salts with the Lower Bosporus Current and the river runoff and their removal by the Upper Bosporus Current.
The distribution of salinity on the sea surface is characterized by a slight increase (from 17.5 to 18.3 ‰) from the northwest to the southeast. This is due to the already mentioned influence of the rivers that flow into the northwestern part of the Black Sea. A decrease in the salinity of waters (up to 5-10 ‰) is also observed in a narrow coastal belt near the mouths of large rivers (Danube, Dniester, Southern Bug, Dnieper) . The slight desalination of the Black Sea waters near the Kerch Strait is explained by the penetration here of the less saline waters of the Azov Sea. In summer, a significant amount of river flow supports the desalination of the sea, and the sea currents spread this phenomenon to the east and to the south-western coast of the Crimea. Archaean Proterozoic Precambrian 1,000-300,000 6-30 S Ca , S Na , Cl Na
The salinity of the Black Sea water increases with depth in the open sea, from 17-18 ‰ on the surface to 22.5 ‰ near the bottom. A feature of the distribution of salinity along the vertical is the existence of a permanent halocline between the horizons. At a depth of 100-150 m, salinity increases from 18.5 to 21 ‰. The significant variety of the salinity at different horizons of depths is explained by: the freshening effect of river flow; the entry into the deep layers of the Marmara Sea saline waters (34-35 ‰); features of the general circulation of the Black Sea. Seasonal changes in salinity are observed up to a depth of 150 m in the western part of the sea and up to 100-120 m in the eastern, deeper salinity is the same throughout the sea (Skopintsev, 1975) .
A characteristic feature of the Black Sea is that its waters at depths of 100-200 m are devoid of oxygen, which is replaced by hydrogen sulfide. And in the hydrogen sulfide environment, only anaerobic bacteria live. Hydrogen sulfide occupies 87% of the Black Sea. In connection with anthropogenic pollution of the sea, the hydrogen sulfide zone approaches the sea surface. The Azov Sea.The main ionic composition of the water of the open part of the Azov Sea possesses all the characteristic features of the ocean waters, but differs from them in relative poverty with ions of chlorine and sodium and in the increased content of the predominant ions of surface waters of sushi, calcium, hydrocarbonates and sulfates.
The similarity and difference in the composition of the waters of the Azov Sea from the ocean and Black Sea waters is a consequence of the fact that the Azov water is formed as a result of the gradual mixing first of the ocean waters with the Black Sea and then the Black Sea waters with the waters of the rivers that flow into the Azov Sea.
In the Azov Sea, four regions are distinguished, in which a peculiar mode of the main ions can be observed: the pre-piercing -part of the sea near the Kerch Strait; the Sivash Area; Taganrog Bay; the mouth of the river Kuban.
In winter, the salinity of the water is high in the Azov Sea. The low inflow from rivers, the low sea level predetermines an increased influx of Black Sea waters, ice formation and all together -increased salinity of the sea water. Sometimes water with a salinity of 12 ‰ reaches Taganrog Bay, and in the pre-piercing part of the Kerch Strait near the bottom the salinity can reach 14.47 ‰.
In the spring, salinity of the Azov water begins to be seriously affected by an increase in river flow into the sea, melting snow, changing the general hydro-meteorological conditions. Throughout the water area of the sea, salinity in the spring is about 11 ‰, at the entrance to Taganrog Bay -10 ‰. Fresh water near the mouth of the river Don is not stable, and Don water can spread far into Taganrog Bay, or press close to the mouth of the river (salinity varies from 4.21 to 11.45‰), depending on the amount of river flow.
In the summer until July, the salinity of water continues to decrease due to the freshening effect of river flow. At the entrance to Taganrog Bay salinity ranges from 8.12 to 10.4 ‰. In the central part of the sea salinity is 11-11.5 ‰.
In the autumn in the Azov Sea, the salinity of the water rises and reaches the highest level -up to 13 ‰ in the central and western parts of the high sea.
Many years of changes in the salinity of the Azov Sea are of interest. Thus, for the period 1923-1951 it was 10.9 ‰, for the years 1952-1970-increased to 11.8 ‰ and up to the 90s it reached 13.8 ‰. Such a significant increase in salinity over a relatively short period of time is associated with anthropogenic reduction in river flow, which in recent years has coincided with a depression in the moisture content of the whole catchment area due to climatic changes. The sea is largely affected by hydrological, hydrochemical and biological processes taking place in it. Conclusions: 1. The chemical composition of Ukraine's natural waters (rivers, lakes, underground aquifers, seas) is the result of the interaction of a combination of physiographic and geological factors, as well as their location, mainly in the temperate climatic zone. 2. The average long-term general mineralization of atmospheric precipitation feeding water bodies is usually low -within the limits of 20-40 mg/l, its chemical composition is predominantly sulfate, magnesium-calcium,the magnitude of the anthropogenic component in the composition of atmospheric precipitation reaches 70-75 %. 3. For the chemical composition of small and medium-sized rivers of Ukraine, there is a certain hydrochemical zoning in the direction from the northwest of the south-east of the country. In the same direction, general mineralization of river waters also increases (from 200-300 mg/l to 1,500-3,000 mg/l and more). Hydrochemical zoning, in general, is consistent with the limits of physical and geographical zones. Accordingly, the composition of waters varies from hydrocarbonate-calcium in the north and west to sodium chloride in the south and southeast . The mineralization values of the water of large rivers (the Danube, the Dnieper, the Desna, the Pripyat, the Dniester, and the Southern Bug) in Ukraine do not exceed 600 mg/l (except the river Seversky Donets). The magnitude of the anthropogenic component of the ion flow of rivers reaches 10-20%. 4. The mineralization of lakes water, unlike rivers, varies widely. There are lakes with very fresh water and general mineralization, as in atmospheric precipitation (30 mg/l-small lakes of glacial origin in the Ukrainian Carpathians), and those whose salt concentration is brine with a mineralization of more than 100 g/l (salt lakes of the Crimea). The most famous groups of lakes are the Shatsky with water general mineralization of 132.2 -198.7 mg/l, the Danube (0.5 -1.4 g/l), the salt lakes of the Crimea (55 -255 g/l). Anthropogenic influence on the formation of the hydrochemical regime of lakes occurs as a result of changes in the intensity of water exchange with surrounding water bodies and due to the receipt of pollutants with atmospheric precipitation. 5. In the chemical composition of groundwater in different structural regions, in the majority of cases vertical hydrochemical zoning appears in the territory of Ukraine, which manifests itself in the isolation of zones of intensive or difficult water exchange in the section of the sedimentary stratum. The active water exchange zone is characterized by hydrocarbonate or sulfate waters with a small mineral content (up to 1.0 g/l), suitable for water supply. Highly mineralized (50-300 g/l and more) chloride sodium and chloride sodium-calcium waters are distributed in the zone of hindered water exchange. Anthropogenic influence on the formation of the chemical composition of groundwater is insignificant. 6. The basic ionic composition of the Black Sea water has all the characteristic features of ocean waters, but differs from them in relative poverty in ions of chlorine and sodium. The large volume of river flow and water exchange with the Marmara Sea predetermine the average salinity of the Black Sea at the level of 18-19 ‰, which is almost half the salinity of the World Ocean (34.5 ‰). Decrease in the salinity of the Black Sea waters (up to 5-10 ‰) is observed in the narrow coastal zone near the large river mouths (the Danube, the Dniester, the Southern Bug, and the Dnieper).
The main factors that determine the salinity regime in the Azov Sea (10-13 ‰) are the inflow of saline Black Sea and fresh river (the Don and the Kuban rivers) waters that are mixed in the Azov Sea, as well as the arrival of atmospheric precipitation.
